The relationship between polygalacturonase activity and abscission of citrus leaf explants was studied. Determination of polygalacturonase activity in citrus tissues requires concentration of the enzyme, use of a proper assay method, and inhibition of an oxidase present in the extracts which oxidizes the reaction products of the polygalacturonase. The polygalacturonase from citrus leaf explants is an exopolygalacturonase and appears to be a soluble enzyme.
Several studies have clearly demonstrated an increase in dissolution of intercellular substances and cell walls in separation layers during abscission of various plant organs (7-9, 19, 22, 27. 30) . These observations suggested that cell wall-degrading enzymes might play a role in abscission. A number of investigators reported (20, 22, 31) that decreasing levels of pectin esterase in abscission layers of leaves and leaf explants were associated with aging. Abscission retardants maintained high levels of pectin esterase, while abscission accelerators reduced the activity of the enzyme (20, 31) . On the other hand, in a recent work, Moline et al. (18) were unable to verify most of the above observations. Ratner et al. (24) were also unable to find a clear relationship between activity of pectin esterase and abscission of citrus leaf explants. Though demethylation of pectin facilitates subsequent hydrolysis by pectinases in vitro (6, 13) , the role of pectin esterase in abscission is unclear. Pectinases, and especially PG' (poly-1,4-D-galacturonide glycanhydrolase, EC 3.2.1.15), catalyzing the cleavage of pectic substances, seem to be much more relevant to abscission. But until now all attempts, based on in vitro determinations, to detect an increase in pectinase activity during abscission were unsuccessful (4, [21] [22] [23] 26) . Rasmussen (22) even observed in beans that PG activity decreased during abscission. Horton and Osborne (12) were the first to report that loss of structural integrity during abscission was correlated with increased cellulase activity and Abbreviation: PG: polygalacturonase. this has been confirmed by others (2, 11, 21, 23, 24) . The failure to demonstrate clearly the participation of cell wall-degrading enzymes other than cellulase in abscission, led to the assumption that cellulase may be the primary enzyme responsible for cell wall dissolution during abscission (4, 21) . However, there are some data suggesting that pectinases do play a role in abscission. Using a bioassay for pectinases, Morre (19) and Rogers and Hurley (26) found a correlation between pectinase activity and abscission. Moreover, treatment with pectinases, but not with cellulases, caused cell separation and abscission (15, 31) .
The present work was designed to study the problems involved in the in vitro determination of PG and to test the possible role of PG in abscission. 
MATERIALS AND METHODS

RESULTS
Extraction, Assay, and Partial Characterization of PG. Studies of techniques and problems involved in the extraction, assay, and characterization of citrus PG were performed mostly with PG extracted from separation layers of leaf explants treated for 48 hr with 10 ,ul/l ethylene.
The PG of citrus leaf explants appears to be a soluble enzyme. Essentially the same PG activity was obtained when the extractions were performed with buffer of low molarity (50 mM) or with high salt concentration (6%, w/v, NaCl or (NH4)2S04 in the above buffer). The use of salt gave more consistent results with samples having relatively low PG activity, and therefore 6% (NH4)2SO4 were added to the extraction buffer in all the experiments performed in this work.
PG activity in crude extracts was too low to be measured accurately by the standard assay methods described above. It was found that it is possible to concentrate the enzyme by precipitating it with (NH4).S04 at 80% saturation with almost no loss in activity. The enzymatic preparations obtained after this step, were dialyzed before use to remove residues of (NH4)_SO4 and reducing materials.
In the first experiments with citrus explants, we were able to detect PG activity in separation layers of leaf explants, but no clear relationship between this activity and abscission could be established and results varied greatly between similar experiments. PGactivity in these experiments was determined by (14) . One mm of sodium hydrosulfite has been found to inhibit completely the uronic acid oxidase in all the preparations used, and the inhibitor at this concentration was therefore added to the reaction mixtures for determining PG activity. Sodium hydrosulfite at the above concentration had no effect on PG from various sources. After the problems involved in determining PG activity in citrus tissues had been solved, at least in part, the main features of the enzyme were studied. Optimum activity with sodium polypectate as a substrate was at pH 4.5 to 5.0. Pectin was also hydrolyzed, but only at about 40% the rate of sodium polypectate. Citrus PG is probably an exoPG. Chromatograms of samples from reaction mixtures demonstrated that the first and the only product was galacturonic acid (Fig. 1) . Moreover, the intensity of galacturonic acid spots as compared to spots of known amounts of galacturonic acid corresponded more or less to the increase in reducing groups in the reaction mixtures. The chromatographic system used is capable of separating oligouronides containing up to at least 7 galacturonic acid units. No increase in absorbance at 230 nm was detected, ruling out the possibility that the enzyme studied is a transeliminase.
Since citrus PG is an exoPG, its activity in relation to abscission was determined by the increase in reducing groups. In some experiments viscosimetry was also applied, confirming the results obtained with the dinitrosalicylic acid reagent ( Table   1 ).
Role of PG in Abscission. One of the most important criteria to demonstrate a relationship between cell wall-degrading enzyme and abscission is the localization of the enzyme in the separation layer. Figure 2 shows that PG activity in freshly excised explants was relatively very low, but significant amounts of the enzyme were found after 48-hr treatment with ethylene. The increased activity was mainly localized in the separation layer with much lesser amounts in the surrounding tissues.
The relationship between the development of PG activity and abscission of leaf explants incubated either in air or in ethylene is illustrated in Figure 3 . In both cases abscission was correlated with PG activity and as might be expected, the increase in PG activity preceded abscission. Ethylene accelerated both PG activity and abscission as compared to the explants incubated in air, but it had no effect on PG activ,ity during at least the first 8 hr after excision. Figure 4 shows the effects of increasing concentrations of ethylene on PG activity and abscission measured 32 hr after excision of the explants. Both PG activity and abscission were increased with the rise in ethylene concentrations from zero to 100 1,1l/1.
Metabolic inhibitors have been used to demonstrate a requirement for nucleic acid and protein synthesis in abscission (1, 2, 11, 24) . If PG is synthesized during abscission, it should be possible to reduce the amount of this enzyme by treating explants with metabolic inhibitors. Of the inhibitors tested, only cycloheximide inhibited abscission and its effects on PG were further studied. Actinomycin D and 5-fluorodeoxyuridine, the S latter used successfully by Ratner et al. (24) to inhibit abscission and cellulase activity of citrus leaf explants, had no Three factors contributed to the success in assaying PG activity in citrus leaf explants and establishing its role in abscis-80 sion: concentration of the enzyme, the use of a suitable assay method, and inhibition of uronic acid oxidase. In many studies of the role of hydrolytic enzymes in abscission, the investi-60 gators used the same enzymatic preparations for measuring the activity of cellulase and PG, usually applying viscosimetry for 40 assaying both enzymes (21, 23, 26) . Cellulase Initial PG activity was determined on freshly excised explants incubated either in air or in 1 ,ul/l ethylene. For determining the effect of cycloheximide, the explants were dipped for 5 on abscission in our experiments. Table II shows that the inhibiton of abscission of air and ethylene-treated explants caused by cycloheximide was accomplished by inhibition in the increase in PG activity.
Auxins, which retard abscission, are involved in the initial steps of this process by regulating aging (3, 10) . In the present work, IAA and various synthetic auxins were found to inhibit PG activity and abscission of citrus leaf explants. The most pronounced effects were obtained by 2,4-D and these data are presented in Table III 
